R eovirus is a nonenveloped dsRNA virus which is highly prevalent in the human population. It is nonpathogenic in man with the majority of adults showing evidence of prior exposure. Reovirus was initially isolated from human respiratory and gastrointestinal tracts, has a broad cell tropism, and binds to sialic acid and junctional adhesion molecule-1 (1) .
Reovirus is currently under investigation as a cytotoxic oncolytic virus for the treatment of localized or disseminated cancer. Reovirus targets tumor cells via its selective replication in cells with activated ras signaling (2) , with therapeutic benefit shown in a wide range of preclinical models including breast, colon, ovarian, brain, and hematological malignancies (3, 4) . Systemic and i.p. delivery, as well as intratumoral injection of virus, have shown promise in these preclinical studies, without evidence of significant toxicity.
The mechanisms by which reovirus targets ras-activated cells have not been fully defined. In normal cells, reovirus transcripts bind to protein kinase receptor (PKR), 3 causing autophosphorylation and activation. Activated PKR in turn phosphorylates eIF-2␣, blocking translation of viral genes. By contrast, in cells with constitutive ras activation, PKR cannot be phosphorylated and reovirus replication ensues (5) . Moreover, recent evidence suggests that ras-transformation enhances viral uncoating, infectivity, and virion release (6) , and makes cells more sensitive to virus-induced apoptosis (7) .
Oncolytic viruses have previously been reported to facilitate the priming of specific adaptive antitumor immunity (8 -10) . Adaptive immunity following viral treatment comprises both Ab and T cell responses directed against tumor-associated Ags (TAA) as well as viral epitopes. Although the mechanisms by which oncolytic viruses initiate antitumor immunity have not been fully defined, APCs, such as dendritic cells (DC), are likely to be key targets for early viral recognition as they express a range of pattern recognition receptors (PRR), such as TLR, which respond to viral RNA/ DNA (11) . Significantly, cells infected with viruses have been shown to be more effective at delivering nonviral Ags for crosspriming of APC in vivo (12) .
The critical, early innate role played by DC in initiating immune responses has recently been described. Different DC subtypes secrete a range of inflammatory cytokines such as type 1 IFNs, TNF-␣, and IL-12 in response to PRR/TLR engagement (13). Activated DC then engage in complex cross-talk with other immune effector cells, such as NK cells (14) . Whether DC-mediated initiation of early innate responses is relevant to antitumor immune priming following oncolytic viral therapy remains unknown.
Certain facets of the structure and fate of reovirus suggest that this virus may be particularly effective at supporting immune priming in the context of tumor cell oncolysis. First, its nonpathogenicity in man indicates that reovirus is effectively recognized and contained by the human immune response it elicits. Secondly, dsRNA is known to activate DC to secrete inflammatory cytokines such as type 1 IFNs which, together with IFN-␥ from activated NK cells, can support bystander T cell activation in vivo (15) ; finally, normal ras signaling in DC should prevent viral protein translation and replication, thus limiting intracellular viral load and potentially facilitating effective uptake and presentation of alternative, nonviral TAA.
Interactions between the immune system and reovirus during oncolytic therapy are likely to be complex. In this study, we sought to define the early, innate, human immune consequences of reovirus treatment. Initially, we treated human myeloid DC with reovirus to determine whether reovirus could stimulate DC maturation. Human myeloid DC were used in these studies as they are central to immune priming (16) , can be used clinically in immunotherapy (17) , and DC of myeloid origin have been identified within the tumor microenvironment (18, 19) . Reovirus induced phenotypic DC maturation and the production of inflammatory cytokines. To address whether this DC response to reovirus could impact on downstream pathways of innate anti-tumor immune activation, reovirus-activated DC (reo-DC) were cocultured with autologous NK or T cells. Reo-DC enhanced NK cell IFN-␥ production and cytotoxicity against tumor cell targets. Interestingly, cocultured T cells also secreted IFN-␥ (and IL-2), and acquired nonspecific killing activity. These data demonstrate that reovirus directly activates human DC, and that infected DC can in turn elicit NK and T cell-mediated innate antitumor activity. These novel findings support the potential of reovirus as an immunogenic as well as cytotoxic therapy for cancer.
Materials and Methods

Cell culture and reagents
Daudi cells (B cell lymphoma, Cancer Research U.K., London, U.K.) and EJ (a bladder tumor cell line, ECACC, Wiltshire, U.K.) were grown in RPMI 1640 (Invitrogen Life Technologies), 10% (v/v) FCS (Harlan SeraLabs), and 1% (v/v) L-glutamine. Cell lines were routinely tested for mycoplasma and found to be free from infection. Human myeloid immature DCs (iDC) were generated from human PBMC by MACS CD14 ϩ selection (Miltenyi Biotec) or monocyte adherence as previously described (20) . Monocytes were cultured in RPMI 1640 supplemented with 10% FCS, 1% L-glutamine (complete media), 800 U/ml GM-CSF (Schering-Plough), and 0.05 g/ml IL-4 (R&D Systems) for 5 days. NK and T cells were isolated using MACS negative depletion kits following standard protocols (Ͼ90% and 95% purity, respectively) (Miltenyi Biotec) and CD8 ϩ T cells were isolated using MACS CD8 ϩ microbeads (Ͼ80% purity) (Miltenyi Biotec). For CD4 ϩ T cells, the CD3 ϩ lymphocytes remaining after positive CD8 ϩ selection were used (Ͼ85% purity). Where specified, DC were cultured with 250 ng/ml LPS (Sigma-Aldrich) or 50 g/ml poly(I:C) (Sigma-Aldrich), either alone or in combination with 100 PFU/cell reovirus. Similarly, where indicated, DC were treated with 1 mM 2-aminopurine (SigmaAldrich) or 30 M caffeic acid phenethyl ester (CAPE) (Alexis) for 1 h before, and during, treatment with 100 PFU/cell reovirus. Neither 2-aminopurine (2-AP) nor CAPE were directly toxic to DC (data not shown).
Reovirus
Reovirus type 3 Dearing strain was provided by Oncolytics Biotech. Virus titer was determined by a standard plaque assay using L929 cells (Cancer Research U.K.). Where necessary, reovirus was UV inactivated with 720 millijoules irradiation, using a UV stratalinker 2400 (Stratagene).
Flow cytometry
DC were incubated with CD80-PE, CD86-PE, and CD83-PE (BD Pharmingen). Cells were acquired using a FACSCalibur (BD Biosciences).
Western blotting
Protein from control and reovirus-treated DC (wild type and UV inactivated) were electrophoresed (30 g protein/lane) and transferred onto nitrocellulose following standard protocols. TAP1 expression was detected using a rabbit-polyclonal Ab (Stressgen). ␤-actin was detected using a rabbit polyclonal anti-␤-actin Ab (Abcam).
Allogeneic MLR
Allogeneic T cell proliferation was measured using [ 3 H]-thymidine incorporation, as previously described (21) 
ELISA and luminex
IL-2, IL-6, IL-12p70, TNF-␣, and IFN-␥ were detected using matched paired Abs (BD Pharmingen); IFN-␣ was detected using luminex technology (Biosource) according to the manufacturer's instructions.
DC:NK/T cell cocultures
DC were harvested on day 5 and either left untreated or treated with 10 or 100 PFU/cell reovirus for 6 h. DC were then harvested and resuspended at a 1:2 ratio with either NK or T cells (DC:NK/T) and cultured for a further 16 h. To determine whether NK and T cells were activated by soluble factors released by DC or via cell:cell interactions, coculture experiments were set up as above, or in the presence of a 0.4 m transwell (Corning) to separate T/NK cells from DC.
Cr cytotoxicity assay
DC, NK, and T cell cytotoxicity was measured using a standard 4 h 51 Cr release assay as previously described (20) . In brief, tumor cell targets (EJ and Daudi) were labeled with 100 Ci 51 Cr for 1 h, and washed three times in RPMI 1640 containing 10% FCS and 1% glutamine. Labeled cells were then cocultured with DC:NK cells, DC:T cells, or DC alone at different E:T ratios. After 4 h cells were pelleted and 50 l of supernatant was transferred to scintillation plates (Packard Biosciences) and left to dry overnight. Levels of 51 Cr were determined using a Wallac Jet 1459 Microbeta scintillation counter and Microbeta Windows software (Wallac). To examine the granzyme/perforin dependence of NK and T cell cytotoxicity, cocultures were set up in the presence or absence of 2 mM EGTA (SigmaAldrich) (22) .
Percent lysis was calculated using the following formula: % lysis ϭ 100 ϫ (sample cpm -spontaneous cpm)/(maximum cpm Ϫ spontaneous cpm).
CD107a/b cytotoxicity assay
The CD107a/b cytotoxicity assay allows detection of cytotoxic cells by examining degranulation in response to tumor cell targets (23) . In brief, T cells were cocultured at a 1:1 ratio with EJ tumor cell targets in the presence of 10 l FITC-conjugated CD107a/b Abs (BD Pharmingen). After 1 h Brefeldin A (Sigma-Aldrich) was added at 10 g/ml and cells were incubated for a further 4 h. T cells were costained with CD3, CD4, or CD8 before cell acquisition, and surface expression of CD107a/b on T cells indicates the release of cytotoxic granules.
Results
Activation of human DC by reovirus
To address a potential role for reovirus as an immune adjuvant as well as a cytotoxic agent, we first assessed the effect of reovirus on DC from healthy individuals, as key sensors of viral infection. Previous reports have shown that synthetic and virus-derived dsRNA can activate DC (24); however, the effect of wild-type reovirus on DC has not been previously investigated. Preliminary experiments showed that reovirus was not toxic to DC at multiplicity of infection Ͻ100, and plaque assays confirmed that reovirus did not replicate in DC (data not shown). The addition of reovirus induced phenotypic activation of iDC, with up-regulation of CD80, CD86 and CD83 (Fig. 1a) . This activation was accompanied by up-regulation of TAP-1, a further marker of DC maturation (25) (Fig. 1b) , and an enhanced ability to stimulate the proliferation of allogeneic T cells (Fig. 1c) , confirming the functionally mature state of DC following reovirus treatment. These results were replicated in limited experiments performed using blood from patients with advanced, metastatic colorectal cancer, which showed that DC from cancer patients were similarly activated in response to reovirus (data not shown).
A key determinant of immune priming following DC maturation is the profile of cytokines secreted by activated DC. We found that reo-DC secreted the inflammatory cytokines TNF-␣, IL-6, IL12p70, and IFN-␣ (Fig. 2a) . IL-10, a feature of tolerogenic DC, was not detected (data not shown). Because different PRR ligands can synergize when activating DC (26), we also investigated the effect of reovirus on DC when used in combination with LPS (a TLR4 ligand) or poly(I:C) (a TLR3 ligand). Addition of either LPS or poly(I:C) significantly increased DC secretion of IL-12 in response to reovirus ( p Ͻ 0.05 for combination vs reovirus alone; Fig. 2b ). IL-12 is shown as a representative cytokine; the same pattern was seen for TNF-␣ and IL-6 (data not shown). These data show that reovirus activates DC both phenotypically and functionally, and that this effect is enhanced in the presence of additional DC maturation stimuli. Hence, reovirus, in contrast to some other viruses which specifically target and suppress DC development and function (27) (28) (29) , effectively activates DC for potential downstream initiation of innate and adaptive immune effector functions.
Mechanisms of DC activation by reovirus
No evidence of reovirus replication in DC was detected by plaque assay or Western blot analysis (as expected for cells of normal ras status, data not shown). To further address whether reovirus replication is required for DC activation, iDC were treated with live or UV-inactivated reovirus before analysis. Fig. 3a shows that UVtreated, replication incompetent reovirus matured DC to a similar level as live virus, confirming that reovirus replication was not required for DC activation.
Because previous data support a critical role for cytoplasmic PKR in mouse DC recognition of reovirus dsRNA (24) , the role of PKR in human iDC activation was investigated using 2-AP, a known inhibitor of PKR (24) . Blockade of PKR had no effect on DC phenotypic activation (data not shown); however, 2-AP significantly abrogated DC cytokine (TNF-␣) secretion (Fig. 3b) .
Further downstream signaling pathways reported to be activated by reovirus include the MAPK cascades and NF-B (30, 31) . Moreover, NF-B has been implicated in downstream signaling from PKR (32) , and for the transcription of proinflammatory cytokines in response to dsRNA (33) . We therefore also tested the dependence of DC maturation upon NF-B using its small molecule inhibitor CAPE (34) . As shown in Fig. 3c , secretion of TNF-␣ was also significantly abrogated by CAPE, while up-regulation of DC surface markers was not affected (data not shown). Hence, cytokine production by DC in response to reovirus is dependent on PKR and NF-B signaling, but not on viral replication.
Reo-DC stimulate innate anti-tumor activity in NK cells
The importance of DC:NK cell interactions for regulating both innate and adaptive immunity has been increasingly recognized. We therefore tested the effect of reo-DC on NK cell function. DC were either left untreated or activated with reovirus before coculture with autologous NK cells, and cell supernatants were first harvested and analyzed for IFN-␥, as an indicator of NK cell activation. Fig. 4a shows that NK cells secreted IFN-␥ when cocultured with reo-DC, but not iDC (neither iDC nor reo-DC cultured alone secreted IFN-␥, data not shown). Reo-DC were also effective at stimulating NK cell cytotoxicity against tumor cells, inducing higher levels of killing than exposure of NK cells to IL-2; iDC had no effect on NK killing (Fig. 4b) , and neither iDC nor reo-DC alone were cytotoxic (data not shown). Significantly, reovirus was unable to activate NK cells on direct application in the absence of DC (data not shown).
DC have previously been reported to activate NK cells through the release of proinflammatory cytokines such as IFN-␣, TNF-␣, IL-15, and IL-12 (35, 36) . To determine the dependence of reo-DC activation of NK cells on cell:cell contact, NK cell cytotoxicity was examined after direct DC:NK coculture or when DC were separated from NK cells using a transwell. We found that NK cell cytotoxicity was enhanced irrespective of these culture conditions, demonstrating that reo-DC activated NK cells through the release of soluble factors (Fig. 4c) . Because DC secrete IFN-␣, TNF-␣, and IL-12 in response to reovirus, (Fig. 2a) , this finding is consistent with currently recognized mechanisms of DC-induced NK activation. NK cells exert their cytotoxic effects by a range of different mechanisms, including exocytosis of perforin/granzyme and via interactions between the TNF superfamily death receptors and their cognate ligands such as Fas/FasL and TNF/TNFR (37). These pathways can be differentiated in vitro by analyzing the requirement of Ca 2ϩ for cytotoxicity, since only granule-mediated cell death is dependent on Ca 2ϩ (37) . To address the mechanism by which reo-DC activated NK cells kill, cytotoxicity assays were performed in the presence or absence of EGTA, which binds Ca 2ϩ making it unavailable for granule exocytosis. Fig. 4d demonstrates that NK cell killing was completely abrogated by EGTA, showing that reo-DC enhanced NK cell cytolysis via exocytosis of perforin/ granzyme. In addition, NK killing was dependent on cell:cell contact with targets (data not shown), also consistent with a perforin/ granzyme mechanism. This activation of NK cells by reo-DC gives further insight into the potential mechanisms by which reovirus may exert antitumor effects in vivo.
Reo-DC stimulate innate antitumor activity in T cells
Conventionally, the primary function of DC:T cell interactions is to support priming of Ag-specific CTL. In addition to this Agspecific cytotoxicity, it has been increasingly recognized that T cells also play a role in innate immunity, and can be activated by cytokines to kill in a non-Ag restricted manner via TRAIL (38) or perforin/granzyme (39) . We therefore also investigated the effect of reo-DC on innate T cell effector functions. As for NK cells, reovirus did not activate T cells when applied directly (data not shown). Fig. 5a shows that T cells briefly cocultured with either iDC or reo-DC secreted IL-2, although reo-DC induced higher levels; IFN-␥ production was restricted to reo-DC-activated T cells (iDC or reo-DC cultured alone secreted neither IL-2 nor IFN-␥, data not shown). Next, the ability of activated T cells to kill HLA class I positive (EJ) or negative (Daudi) tumor cell targets was examined (Fig. 5b) . Neither T cells alone, nor T cells cocultured with iDC displayed significant levels of cytotoxicity; in contrast, T cells cocultured with reo-DC killed up to 30% of EJ and 50% of Daudi cell targets. Therefore, reo-DC activated autologous T cells to kill tumor cell targets regardless of their MHC class I status.
As for reo-DC-activated NK killing, we addressed the mechanism of T cell activation by reo-DC by performing cytotoxicity assays with and without transwells. Fig. 5c shows that, in contrast to NK cells, reo-DC activated T cells via cell:cell interactions, because T cell cytotoxicity was consistently and significantly reduced ( p Ͻ 0.05) when reo-DC and T cells were separated in a transwell system. Moreover, the killing by reo-DC-activated T cells was, as for reo-DC activated NK cells, mediated by perforin/ granzyme, because it was abolished in the presence of EGTA (Fig.  5d) . Again, this was corroborated by the dependence of this innate killing on cell contact between effector T cells and their targets (data not shown).
One possible explanation for the increased innate cytotoxicity of T cells on coculture with reo-DC is a decrease in regulatory T cells (Treg) within the DC:T cell cocultures. However, experiments conducted in healthy donors showed that the percentage of CD4 ϩ ,
CD25
ϩ FOXP3 ϩ T reg cells in fact increased on coculture with either iDC or reoDC, demonstrating that Treg depletion is not responsible for the enhanced cytotoxicity of T cells cocultured with reo-DC (data not shown). More detailed analysis of the effects of reovirus on Treg function is currently ongoing in our laboratory.
Small subpopulations of T cells have been previously identified which display innate, NK-like cytotoxic functions including NKT cells, ␥␦ T cells, and some CD4 ϩ regulatory T cells. To further define which T cells activated by reo-DC were responsible for the cytotoxic effects observed, we separated CD4 ϩ and CD8 ϩ T cells before coculture with reo-DC and then analyzed their cytotoxic potential. Fig. 6a shows that both CD4 ϩ and CD8 ϩ T cells acquired significant cytotoxicity in response to reo-DC. To confirm that this cytotoxicity was a general phenomenon affecting all T cells rather than a small subpopulation, a CD107 cytotoxicity assay was used. This assay identifies only those cells that are actively secreting cytotoxic granules by surface staining for CD107 a/b (23) . All CD3 ϩ , CD4 ϩ , and CD8 ϩ T cells up-regulated surface CD107a/b expression after activation with reo-DC following coculture with tumor cell targets (Fig. 6b) ; quantitatively, dot plots showed that 47.35% of CD3 ϩ , 46.8% of CD4 ϩ , and 31.5% of CD8 ϩ T cells expressed CD107a/b (Fig. 6c) . These results show that reo-DC stimulated degranulation is a feature of a significant proportion of T cells, and is not restricted to a small subpopulation; hence, generalized induction of innate T cell cytotoxicity following coculture with reovirus-activated DC provides a further potential mechanism for reovirus anti-tumor activity within the tumor microenvironment. 
Discussion
Oncolytic viruses have been investigated as anticancer agents since the 1950s with some evidence of clinical efficacy. Anticancer activity may be mediated by both direct virus cytotoxicity and the generation of an antitumor immune response (3, 4, 8 -10 ). The exact role of different immune effector cells in oncolytic virusmediated tumor regression has not been clearly defined. DC are likely to play a coordinating role in this immune response as key APC which recognize viral and bacterial infections and regulate both innate and adaptive immunity. This study investigated the ability of reovirus, an anticancer agent currently in phase I/II clinical trials, to activate DC and potential downstream effector cells of the innate immune response. We have shown that reovirus upregulated the expression of Ag processing (TAP1) and costimulatory (CD80, CD86 and CD83) molecules on DC (Fig. 1) , and induced the secretion of IFN-␣, IL-6, IL-12p70, and TNF-␣. (Fig.  2) . Reovirus-induced DC activation was not dependent on viral replication and cytokine production (but not phenotypic maturation) involved signaling via PKR and NF-B (Fig. 3) . Reovirusactivated DC enhanced innate NK and T cell cytotoxicity by the release of soluble factors and cell:cell contact respectively, inducing tumor cell killing via exocytosis of cytoytic granules. Innate T cell cytotoxicity was mediated by a significant proportion of the CD3 ϩ population (both CD4 ϩ and CD8 ϩ ), rather than any restricted, small lytic subpopulation of cells. This demonstrates for the first time that reovirus activates DC and that these virusactivated DC can promote non-Ag restricted killing by T cells, as well as NK cells. These data suggest that the antitumor activity of reovirus may occur via both direct tumor cell oncolysis and localized activation of innate antitumor immune effector cells.
Limited phenotypic and functional maturation of DC was observed with low doses of reovirus, and DC activation was maximal at 100 PFU/cell. Although this represents a high viral titer, one of the potential advantages of replication competent viral therapy is that localized viral replication and oncolysis should lead to high levels of free virus within the tumor microenvironment. Moreover, a recent phase I clinical trial investigating the toxicity of systemic i.v. reovirus therapy showed that reovirus could safely be administered at high doses (3 ϫ 10 10 TCID 50 for 5 consecutive days repeated 4-weekly) with acceptable toxicity (L. Vidal et al., submitted for publication). Because DC respond to bacterial and viral infections through PRR which detect foreign motifs such as CpG and ss/dsRNA, it was possible that DC activation occurred via recognition of the reovirus dsRNA genome via receptors such as TLR-3 or PKR. Our data showing a role for PKR (Fig. 3b) are consistent with a previous report of the murine bone marrow-derived DC response to dsRNA (24) . Moreover, our finding that inflammatory cytokine production by DC in response to reovirus is significantly blocked by CAPE (Fig. 3c) , also tallies with a previous study showing the further dependence of PKR signaling on NF-B activation (33) . In contrast, DC phenotypic activation was not dependent on PKR or NF-B (data not shown), suggesting DC also recognize reovirus via a separate, PKR-independent mechanism. Experiments conducted in the presence of a TLR-3 blocking Ab failed to confirm a role for TLR-3 in reovirus recognition, although successful access of the Ab to intracellular TLR-3 cannot be assumed, as previously demonstrated in a study addressing IFN-␤ production by DC in response to poly(I:C) (40) .
Our data are consistent with a model in which recognition by, and activation of, innate immune effector cells within the tumor microenvironment in response to reovirus may play a potential role in its antitumor therapy. Other oncolytic viruses, such as Newcastle Disease Virus and measles virus, have been shown to stimulate innate antitumor activity by up-regulation of TRAIL on human monocytes and neutrophil infiltration of tumors, respectively (41, 42) . Although the current study is restricted to the human systems which are of greatest relevance to reovirus as a clinical reagent, this hypothesis is also supported by parallel murine studies, which have shown that a reovirus-resistant tumor cell line can nevertheless by effectively treated in vivo following intratumoral injection, via a CD8 and NK-dependent mechanism (manuscript in preparation). Although various subtypes of DC have been increasingly recognized as key detectors of viral infection, this is the first study addressing the potential innate therapeutic significance of virus recognition by DC during oncolytic virus therapy.
Reciprocal activation between NK cells and mature DC has previously been reported (14) ; for example, poly(I:C) activated DC enhance NK effector functions (36) . In this study, we have similarly demonstrated that NK cell cytokine production and cytolytic potential was enhanced by reo-DC (Fig. 4) . Mechanistically, DCinduced NK cell activation can occur via the release of soluble factors such as IFN-␣, TNF-␣, and IL-12 (35, 36) , all of which were secreted by the reo-DC (Fig. 2a) which activated NK cells via a contact-independent mechanism (Fig. 4c) . However, the relative role of these or other cytokines in NK activation by reo-DC awaits more detailed characterization.
A role for NK cells in tumor regression has been well documented in mouse models, either by direct tumor recognition or via DC activation (43) . Because NK cells are often recruited to sites of inflammation including the tumor microenvironment (14) , and clinically tumor infiltrating NK cells have been associated with improved prognosis in a range of different tumor cell types (44, 45) , treatments which can activate intratumoral NK cells may show additional, immune-mediated activity.
Fewer reports have described the innate killing mechanisms of T cells, although Newcastle Disease Virus and type I IFNs can increase TRAIL expression on PBMCs and isolated human T cells (38, 46) . More recently, non-Ag restricted killing by T cells via perforin/granzyme has also been described after short term (3-7 days) culture of T cells with IL-15 or IL-2 (39, 47) . These cells are distinct from the well-documented cytokine-induced killer cells, which are generated after long term in vitro expansion (14 day) using IFN-␥, anti-CD3, and IL-2 (48). Our studies demonstrate that reo-DC enhance innate T cell cytotoxicity via contact-dependent interactions after short-term coculture (Fig. 5c) , and that this T cell cytotoxicity was dependent on perforin/granzyme (Fig. 5d) . The CTLs, generated following overnight culture with reo-DC, killed both class I positive (EJs) and negative (Daudi) tumor cell targets, confirming that killing was independent of MHC status. To our knowledge, this ability of activated DC to induce innate T cell killing has not previously been described. Although the physiological significance of this finding remains unclear, there are a number of potential roles to be envisaged for DC-activated, non-Ag restricted T cell killing in the context of local virus infection. For example, innate killing will release an array of proteins for DC Ag processing/presentation, potentially leading to priming of specific Agrestricted CTL. In addition, enhanced T cell killing may help control viral infection by early removal of infected host cells, a hypothesis further supported by preliminary studies conducted in our laboratory, showing that reo-DC-activated T cells kill virally infected targets more efficiently than noninfected targets.
Whether innate T (or NK) killing of virus-infected tumor cells potentially limits the spread and hence efficacy of therapeutic oncolysis, rather than providing useful bystander killing, requires further study, although recent murine data suggest that T cells overall enhance, rather than restrict, oncolytic viral therapy ((10) and our own unpublished data). With regard to adaptive immunity, reports have shown that infection of tumor cells with oncolytic viruses can facilitate the priming of specific antitumor immunity by enhancing cross presentation of TAA by APC (8, 9, 12) ; our own early data suggest that reovirus infection can similarly support priming of TAAspecific CTL responses (unpublished observations).
There are data to suggest that i.v. reovirus is more effective in vivo if given together with immunosuppression to blunt the antiviral Ab response (49) . Alternatively, however, and consistent with our own data, a role for immune effector cells in reovirus therapy has been previously implicated (50) . Potentially, the site of reovirus administration and replication in such studies will be critical in determining whether the immune response limits or supports the antitumor effects of oncolytic viruses. Although systemic delivery triggers a robust Ab response, virus specifically at the tumor site may reverse the immunosuppressive milieu there. Consistent with this hypothesis, we have found that infection of melanoma cells with reovirus directly triggers secretion of a range of proinflammatory cytokines/chemokines (F. Errington et al., submitted for publication).
The current data demonstrate that reovirus, an oncolytic dsRNA virus, activates DC to support innate NK and T cell cytotoxicity. This immune activation may contribute to the therapeutic effects of the virus, although in vivo correlates and the potential for subsequent adaptive antitumor immune priming remain to be fully addressed. By characterizing the effects of reovirus on human DC, together with the consequent downstream activation of NK and T cells, this study highlights the potential of reovirus to harness the innate immune system for anti-tumor therapy.
